Summary. Oocytes were obtained from patients with tubal infertility at fixed times after the onset of the endogenous LH rise or hCG injection, and were inseminated immediately after recovery or after periods of 4\ p=n-\ 4\ m=1/ 2\ , 5\ p=n-\ 5\ m=1/ 2\ and 6\ p=n-\ 6\ m=1/ 2\ h in culture in vitro. Delayed insemination resulted in a marked increase in the proportion of oocytes that were fertilized and developed to normal embryos and maximum rates occurred after 5\ p=n-\ 5\ m=1/ 2\ h in culture ( 0\ p=n-\ \ m=1/ 2\ h, 26%; 4\ p=n-\ 4\ m=1/ 2\ h, 50%; 5\ p=n-\ 5\ m=1/ 2\ h, 89%; 6\ p=n-\ 6\ m=1/ 2\ h, 69%). The range and mean (\m=+-\s.d.) intervals from insemination for the pronuclear and early cleavage stages were 27\p=n-\43(35\m=.\6\m=+-\4\m=.\4)h for 2-cell stages, 36\p=n-\65 (45\m=.\7\ m=+-\ 8\m=.\3) h for 4-cell stages, 45\p=n-\73 (54\m=.\3\ m=+-\ 12\m=.\6) h for 8-cell stages and 68\p=n-\85 h for the 16-cell stage. In 7/50 patients receiving 1 or 2 embryos at the 2-, 4-and 8-cell stages, fetal development was normal and 2 women had twin pregnancies (36% success compared with 8% for single embryos). All pregnancies were from the groups in which insemination was delayed for 5\ p=n-\ 6\ m=1/ 2\ h. It is concluded that a short period of culture in vitro may allow the completion of oocyte maturation, and improve the results of in-vitro fertilization.
Introduction
The process of fertilization of human oocytes by spermatozoa in vitro has been described in detail by a number of workers Soupart & Strong, 1974 McMaster, Yanagimachi & Lopata, 1978; Lopata, Sathananthan, McBain, Johnston & Speirs, 1980) . The birth of normal babies following the transfer of 8-to 16-cell embryos to the uteri of women with blocked Fallopian tubes after fertilization in vitro (Edwards, Steptoe & Purdy, 1980b) would support the proposition that, at least in some cases, normal fertilization can occur in vitro. However, the relatively low rate of success in establishing normal pregnancies after transfer of embryos to the uterus of the oocyte donor may be due, in part, to the failure of normal fertilization and embryonic development, because oocyte maturation is often incomplete at the time of insemination. Some Polge, unpublished data) . In these experiments, exposure of follicular oocytes to spermatozoa in vivo before oocyte maturation was complete resulted in the failure of normal fertilization and failure of, or abnormal, cleavage and embryonic development. Delay of insemination to allow the oocyte time to complete the maturation process within the oviduct resulted in a marked increase in the number of normal blastocysts. This observation led us to investigate the possibility that delayed insemination in vitro of human follicular oocytes, obtained at unknown and probably variable intervals from ovulation, may lead to an increase in normal fertilization, embryonic development and pregnancy after embryo transfer.
Materials and Methods

Subjects
Oocytes were recovered from the ovaries of patients at laparoscopy by the methods described by Renou, Trounson, Wood & Leeton (1981) , Wood, Leeton, Talbot & Trounson (1981a) , and Wood et al. (1981b) . In some patients the final maturation of oocytes was controlled by the intramuscular injection of 4000 i.u. hCG (Pregnyl; Organon Aust. Ltd, Clayton, Australia), and is termed the controlled ovulatory cycle. Alternatively, oocyte maturation was allowed to occur naturally and the time of oocyte recovery was determined from the time of the onset of the endogenous LH 7 (2) 13 (4) 20 (6) 3 (20) 8 (30) 11 (26) 4-4$ 
Development ofembryos after transfer to the patients
The successful establishment of fetuses, as seen by ultrasonics at a minimum of 8 weeks gestation and normal ß-hCG plasma levels, was confined to the groups in which insemination was delayed for 5-6$ h (Table 2 ). However, it was in these groups that the majority of normal embryos was obtained and, consequently, the larger number of embryos transferred. Fetal development resulted from the transfer of 2-, 4-and 8-cell embryos, all of which appeared to be normal, with blastomeres of equal size and within the post-insemination interval expected for that cleavage stage (Text- fig. 1 ), although the one 2-cell embryo transferred together with a 4-cell embryo, 39 h after insemination, was considered to be close to the limit for cleavage from 2-to 4-cells. Developmental stages of human embryos. Photographs were taken during culture or before transfer of fresh unmounted specimens. Fig. 1 . A pronuclear-stage oocyte 16 h after insemination. Fig. 2 . A 2-cell embryo. Fig. 3 . A 4-cell embryo. Fig. 4 . An 8-cell embryo. Fig. 5 . A morula-stage embryo. Fig. 6 . A blastocyst which has hatched out of the zona pellucida. al, 1979) and the determination of the onset of sustained progesterone secretion may be a better indicator of the time of ovulation and the time of oocyte maturity. The ovarian steroids, particularly oestrogen and progesterone, are intimately involved in the initiation of cytoplasmic maturation and in the final stage of nuclear maturation of oocytes (Thibault, 1977; Moor, 1978) and the importance of maintaining oestrogen levels in follicular fluid during oocyte maturation has been emphasized by McNatty, Moore-Smith, Makris, in follicles cultured in vitro and by Edwards, Steptoe, Fowler & Baillie (1980a) in follicular aspirates of oocytes fertilized in vitro. Hunter, Cook & Baker (1976) showed that pig oocytes, induced to ovulate with hCG when follicular oestrogens are low, fail to undergo normal nuclear and cytoplasmic maturation and, consequently, abnormalities of fertilization occur. In studies of the maturation of sheep oocytes cultured within follicles in vitro, Moor & Trounson (1977) found that normal fertilization and embryonic development required the addition of both oestrogen and gonadotrophins to the culture media. In the controlled human ovulatory cycle, the injection of hCG does give some precision to the time that follicles are exposed to the stimulus for the resumption of meiosis. (Millonig, 1969; Longo, 1973 (Trounson, Willadsen & Rowson, 1977; Moor & Warnes, 1978) .
The interval between cleavage divisions observed in the present study was similar to that reported by Edwards (1973) for in-vitro fertilized human embryos and for early cleavage divisions of mouse embryos (Whitten & Dagg, 1961) . In contrast to most species except for the mouse, the human embryo can be successfully cultured from the 1 -cell stage to the hatched blastocyst stage in vitro (Steptoe, Edwards & Purdy, 1971) . Development beyond the 8-cell stage was confined to culture in Hams FIO medium in studies reported by Edwards (1973) . Modified Earle's solution was used to obtain one of the successful pregnancies reported by Edwards et al. (1980b) and in more recent studies in our laboratory, blastocysts and pregnancies have been obtained from fertilization and culture in simple media used routinely for culture of mouse embryos (Trounson et al, 1980b Adams, 1979) . Before the 8-cell stage, human embryos are confined to the oviducts in vivo (Croxatto, Ortiz, Diaz & Hess, 1979) . Improved culture media and techniques and survival rates of different cleavage stage embryos are presently being investigated to determine the optimum procedures for maximum pregnancy rates.
In conclusion, it would appear that a relatively short period of culture in vitro following recovery of human follicular oocytes is beneficial for the completion of oocyte maturation and to allow for high rates of fertilization and embryonic development in vitro. This procedure overcomes the present deficiencies of predicting the exact time of ovulation and results in the production of at least a proportion of normal embryos that have the capacity for normal fetal development.
